The value of long-range interactions parameter for some alloys by Belim, S. V.
ar
X
iv
:0
71
0.
21
96
v1
  [
co
nd
-m
at.
sta
t-m
ec
h]
  1
1 O
ct 
20
07
The value of long-range interations parameter for
some alloys
S.V.Belim
Omsk State University, Omsk, Russia
belimuniver.omsk.su
The ritial behavior of some alloys are analyzed within the framework of Heisenbergs
model with long-range interation. On based experimental values of the ritial
exponent γ we alulate the value of paerameter of long-range interation.
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1 Introdution
In series of paper [1, 2, 3, 4, 5℄ experimental ritial exponents are dier from results of
theoreti-elds approah for 3D models of Heisenberg (γ = 1.386, β = 0.364), 3D XY-
model (γ = 1.316, β = 0.345) and 3D Ising model (γ = 1.241, β = 0.325) [6℄. Authors
of these papers are indiate that next-nearest-neighbor interation must be take into
aount for explanation the dierene of experimental results from theoreti results. This
interation may be take into aount by means of term of hamiltonian of the form J(r) ∼
r−D−σ, where D is dimension of system and σ is parameter of long-range intaration [7℄.
In [1℄ the ritial magneti behavior of EuO is investigated. Critial exponents of this
system are γ = 1.29 ± 0.01, β = 0.368 ± 0.005. In this artile swoun that next-nearest-
neighbor interation J2 must be take into aount. The next-nearest-neighbor interation
is equal (0.5± 0.2)J1 (J1  nearest interation).
In paper[2℄ ritial exponents of La0.5Sr0.5CoO3 are measured (γ = 1.351±0.009, β =
0.321±0.002). Earlier in [3℄ the ritial behavior was investigated in alloys La1−xSrxCoO3
(0.2 ≤ x ≤ 0.3). Critial exponents of these alloys have values 0.43 ≤ β ≤ 0.46, 1.39 ≤
γ ≤ 1.43.
The dier of ritial exponents from theoreti results for short-range systems was
nding for ferromagneti phase transition in La0.1Ba0.9V S3 [4℄. Critial exponents of
these alloys have values γ = 1.366, β = 0.501. Similar results were found in [5℄ for alloys
Fe90−xMnxZr10 (0 ≤ x ≤ 16).
Critial exponents of three-dimensional system with long-range intaration for varios
value σ were alulate in [8℄. In this paper was shown that value of exponent γ inrease
and exponent β derease with inreasing of parameter σ. If σ is greater then 2, then
Heisenberg exponents are valid. If σ is greater then 1.5, then mean feild exponents are
valid. In interval 1.5 < σ < 2 there are new lasses of universality.
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The aim of this paper is alulation value of parameter of long-range intaration from
experimental values of ritial exponenets for varios systems.
2 The theoreti-eld desription
The Hamiltonian of a system with long-range eets an be written as
H =
∫
dDq
{1
2
(τ0 + q
σ)ϕ2 + u0ϕ
4
}
, (1)
where ϕ is the n-dimension order-parameter utuations, D is the spae dimensionality,
τ0 ∼ |T − Tc|, Tc is the ritial temperature, and u0 is a positive onstant. The ritial
behavior depends essentially on the parameter σ that determines the rate of interation
deay with inreasing distane. As was shown in [7℄, the inuene of long-range eets
is appreiable for 0 < σ < 2, while the ritial behavior at σ ≥ 2 is equivalent to the
behavior of short-range systems. For this reason, we restrit ourselves in what follows to
the ase 0 < σ < 2.
The standard renormalization-group proedure based on the Feynman diagrams [6℄
with the G(~k) = 1/(τ + |~k|σ) propagator yields the following expressions for the funtions
β,γϕ and γt, speifying the dierential renormalization-group equation:
β = −(2σ −D)
[
1− 4(n+ 8)v +
(
64(5n+ 22)(2J˜1 − 1)− 128(n+ 2)G˜
)
v2)
]
,
γt = (2σ −D)
(
− 2(n+ 2)v + 48(n+ 2)
(
2J˜1 − 1−
1
3
G˜
)
v2
)
, (2)
γϕ = 64(n+ 2)G˜v
2,
v = u · J0, J˜1 =
J1
J20
G˜ =
G
J20
.
J1 =
∫ dDqdDp
(1 + |~q|a)2(1 + |~p|a)(1 + |q2 + p2 + 2~p~q|a/2)
,
J0 =
∫
dDq
(1 + |~q|a)2
,
G = −
∂
∂|~k|a
∫
dDqdDp
(1 + |q2 + k2 + 2~k~q|a)(1 + |~p|a)(1 + |q2 + p2 + 2~p~q|a/2)
The expressions obtained for the β-funtions are asymptoti series and summation
methods must be used to extrat neessary physial information from these series. In this
work, the following BorelLeroy transformation, whih provides adequate results for series
appearing in the theory of ritial phenomena [9℄, is used
f(v) =
∑
i
civ
i =
∞∫
0
e−ttbF (vt)dt,
F (v) =
∑
i
ci
(i+ b)!
vi.
(3)
The [2/1℄ approximants with variation of the parameter b are used to alulate the β-
funtions in the two-loop approximation. As shown in [9℄, suh variation of b makes it
2
possible to determine the range of variation of the vertex funtions and to estimate the
auray of the ritial exponents obtained.
The ritial behavior regime is fully determined by the stable xed points of the
renormalization-group transformation; these points an be found from the ondition that
the β funtions vanish:
β(v∗) = 0. (4)
The ondition for stability redues to the requirement that the β-funtion derivative at
the xed point be positive:
λ =
∂β(v∗)
∂v
> 0. (5)
The index ν haraterizing the growth of orrelation radius in the viinity of ritial
point (Rc ∼ |T − Tc|
−ν) is found from the expression:
ν = v(σ + γt)
−1.
The Fisher index η desribing the behavior of orrelation funtion in the viinity of
ritial point in the wave-vetor spae (G ∼ kσ+η) is determined by the saling funtion
γϕ: η = 2− σ + γϕ. Other ritial indies an be determined from the saling relations:
γ = ν(σ − η), β =
ν
2
(D − σ + η). (6)
It is worth noting that the PadeLeroy summation proedure is possible not for any b
values and this signiantly limits the possibility of applying the method. This limitation
is assoiated with the appearane of the poles of the approximants near the solutions of
the system of Eqs. (2); for this reason, it is impossible to determine the position of the
xed points. In this work, the parameter b varies from 0 to a value beginning with whih
the determination of the stable xed point beomes impossible. In this range, 20 values
of the parameter b are taken for whih the xed points are searhed. Average values with
a ertain auray determined by the spread in the values for various b values are taken
as the eetive harges at the xed point.
3 The value of parameter σ
Lets we onsider the appliability models with long-range interation for explanation of
experimental data. The value of parameter σ shell aluleted on based of experimental
value of ritial exponent γ.
For EuO [1℄ exprimental ritial exponents have values γ = 1.29± 0.01, β = 0.368±
0.005. Within the framework of Heisenbergs model (n = 3) the value of ritial exponent
γ = 1.290±0.002 orrespond the value σ = 1.941 and ritial exponent β = 0.376±0.008.
Within the framework of XY-model (n = 2) the value of ritial exponent γ = 1.29±0.03
orrespond the value σ = 1.991 and ritial exponent β = 0.354 ± 0.007. As an be
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seen from omparison theoretial and experimental results the Heisenbergs model with
long-range interation demonstrate satisfatory onformane to experiment.
For La0.5Sr0.5CoO3 [2℄ exprimental ritial exponents have values γ = 1.351± 0.009,
β = 0.321 ± 0.002. Within the framework of Heisenbergs model (n = 3) the value of
ritial exponent γ = 1.351± 0.002 orrespond the value σ = 1.980 and ritial exponent
β = 0.368 ± 0.004. Within the framework of XY-model (n = 2) the value of ritial
exponent γ = 1.351 don't exist, the maximum value of γ is equal 1.316 for σ = 2. As
an be seen the dier theoretial results from experimental results is signiant. However
in [2℄ the ritial exponent γ was measured for the ritial temperature Tc = 223.18 K,
and the ritial exponent β for the ritial temperature Tc = 222.82 K. As is well known
that values of ritial exponents are very strong depends from seletion of the ritial
temperature.
For La0.1Ba0.9V S3 [4℄ exprimental ritial exponents have values γ = 1.366, β = 0.501.
Within the framework of Heisenbergs model (n = 3) the value of ritial exponent γ =
1.366 ± 0.002 orrespond the value σ = 1.990 and ritial exponent β = 0.369 ± 0.009.
In this ase the XY-model are not valid. It is shown that theoretial value of ritial
exponent β don't agree the result of experiment. But the experimental value β = 0.501 is
very strange, beause limit β ≤ 0.5 is always valid. The equality β = 0.5 is valid only for
mean eld theory, in whih γ = 1.
Critial exponents of alloys Fe90−xMnxZr10 (0 ≤ x ≤ 16 depend on parameter x [5℄.
In the table there are experimental values of ritial exponents from paper [5℄. Also in
this table there are parameters σ and ritial exponents βH , whih alulated Within the
framework of Heisenbergs model with long-range interation on the grounds of values of
ritial exponents γ.
x γ β σ βH
0 1.376 0.369 1.995 0.36± 0.01
4 1.383 0.373 1.998 0.37± 0.01
6 1.359 0.358 1.984 0.37± 0.02
8 1.364 0.355 1.987 0.36± 0.02
10 1.406 0.356 - -
12 1.395 0.376 - -
16 1.412 0.362 - -
For values x > 8 the parameter σ don't alulated, beause the maximum value of
exponent γ is 1.386 for value parameter σ = 2. It is shown that in interval 0 ≤ x ≤ 8 the
theory demonstrate agreement with experiment.
As an be seen from alulation the use of Heisenbergs model with long-range interation
is valid for explanation of experimental data.
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